Objective: To determine the prevalence of metabolic syndrome (MetS) in schoolchildren from 6 to 16 years old, while considering their socio-economic status and other potential risk factors. Design: A cross-sectional study was conducted between April and November of 2005 in a semi-rural city with a total population of 13 000 inhabitants. Setting: The study was conducted in Maracai city, located in the Brazilian state of Sao Paulo. Subjects: Schoolchildren (n 2170) of both genders, corresponding to approximately 82 % of all Maracai schoolchildren, were evaluated for components of MetS, as defined by the National Cholesterol Education Program; reference values for children and adolescents were adjusted for age and sex. Results: Overall, MetS prevalence was 3?6 % (95 % CI 2?9, 4?5) and did not differ statistically between genders, skin colour, between children and adolescents. However, when we analysed groups of subjects by weight, MetS prevalence progressively increased from 0?3 % (95 % CI 0?1, 0?8) in normal-weight subjects to 10?7 % (95 % CI 7?4, 14?8) and 34?5 % (95 % CI 25?9, 43?9) in overweight and obese subjects, respectively (both P , 0?001 compared to normal-weight controls). When socio-economic classes were considered, 4?7 % high-income students (95 % CI 3?5, 6?2) had MetS, which was significantly greater than low-income students (2?7 %; 95 % CI 1?9, 3?9; P 5 0?023). Conclusions: MetS prevalence was high in overweight and obese schoolchildren and these risk factors were present during childhood and adolescence. Changes in lifestyle and alimentary safety should be encouraged to avoid future cardiovascular morbidity and type 2 diabetes mellitus.
Metabolic syndrome (MetS) is a general metabolic disorder associated with central obesity, insulin resistance and greater risk for CVD in adults (1, 2) . However, the coexistence of these multiple cardiovascular risk variables also occurs in children (3) , with obesity often preceding the hyperinsulinaemic state (4, 5) . It is well documented that MetS can be detected in childhood and its prevalence has been increasing around the world, in parallel with the elevated incidence of overweight and obese adults (6) and children (7) . This phenomenon is well known in developed countries and seems to be happening in developing nations as well, especially among populations that have adopted the Western lifestyle. However, data concerning MetS prevalence in low-and middle-income countries are still scarce, mainly in children and adolescents (8) . Assuming that childhood obesity and related co-morbidity will increase the impact of cardiovascular risk in adult diseases, it is essential to further our knowledge of MetS prevalence in children and adolescents of developing countries. Despite significant efforts to unify the cut-off points for MetS variables and definitions of MetS, these parameters remain debatable, especially for children and adolescents, but in adults as well. In adults, these MetS variables include measures of insulin resistance, as stated by the WHO (9) and the European Group for the Study of Insulin Resistance (10) . The National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) (1) defines MetS as the presence of three or more of the following criteria: low HDL cholesterol (HDL-C), hypertriacylglycerolaemia, hypertension, glucose intolerance and visceral obesity. The most recent MetS definition used by the International Diabetes Federation (11) requires central obesity plus two of the above criteria.
The definitions accepted for the paediatric population are derived from adult cut-off points and adjusted for age and sex; however, neither insulin concentration nor central obesity is clearly defined in children. Therefore, the aim of the present study was to estimate the prevalence of MetS in schoolchildren aged 6-16 years living in Maracai city of Sao Paulo state in south-eastern Brazil, according to the NCEP-ATP III definition adjusted for children and adolescents and considering socioeconomic class and skin colour.
Methods

Study design and subjects
This investigation was a cross-sectional study conducted between April and November of 2005 in Maracai, a semirural city located in Sao Paulo State, with a total population of 13 000 inhabitants (Geographic and Statistic Brazilian Institute -IBGE, 2000 Census). All schoolchildren aged 6-16 years who were matriculated in eight schools (seven public and one private), comprising 100 % of the city's teaching institutions, were invited to participate in the study (n 2647). Of this population, 434 students (248 males and 186 females) did not join the study, leaving 2213 students who were initially included. Of the 2213 students, twenty-five were excluded for reaching the exclusion criteria of severe illness, suffering from diseases (renal, hepatic or metabolic) that interfere with lipid metabolism, and pregnancy. An additional eighteen were excluded for irregularities in filling the protocol or in collecting data or blood. Thus, the final study sample consisted of 2170 students (1103 males, 1067 females), corresponding to 83?3 % and 81?9 % per gender, respectively, of all schoolchildren from 6 to 16 years old in the city. Informed consent was obtained from the participants or their parents and the study protocol was approved by the North Parana University Hospital Ethical Committee.
All measurements were performed by trained nurses. Height and weight were determined in duplicate while participants were in underclothes without shoes. The two measurements were averaged and used to calculate the BMI. Waist circumference was also measured in duplicate, midway between the lowest rib and the superior border of the iliac crest with a flexible tape measure (12) . Resting systolic and diastolic blood pressures were determined according to previously published guidelines (13) and the mean of the three measurements was evaluated. Measurement reproducibility was tested in 238 controls (119 boys, 119 girls; mean age 11?5 (SD 3) and 11?5 (SD 2?9) years, respectively), with the reliability coefficient (Pearson) reaching r 5 0?99, 0?99, 0?97, 0?87 and 0?77 for height, weight, waist circumference, systolic and diastolic blood pressures, respectively.
Laboratory analyses
Participants fasted for 12 h before a venous blood sample was drawn for the determination of glucose and lipids levels. HDL-C was obtained after precipitation of apoBcontaining lipoproteins using dextran sulfate and MgCl 2 . Plasma cholesterol, TAG and glucose levels were measured with commercially available kits (Johnson & Johnson; Ortho Clinical Diagnostics, Rochester, NY, USA) in Vitros 250 and 750 auto-analysers.
Definitions of terms and groups
Participants were divided into three BMI groups according to cut-off values, adjusted for age and gender, derived from a large international study by Cole et al. (14) . Subjects with a BMI corresponding to an adult BMI , 25?0 kg/m 2 were considered to be of normal weight; subjects with a BMI value in the range of 25?0-29?9 kg/m 2 were considered overweight; and those with a BMI . 30?0 kg/m 2 were classified as obese. Elevated systolic or diastolic blood pressures were defined as a value at or above the 90th percentile for age, sex and height, according to the IV Arterial Hypertension Brazilian Guidelines (15) . If participants reported current use of any anti-hypertensive drugs, they were considered to have elevated blood pressure. The criteria used for HDL-C (,45 mg/dl) and TAG ($130 mg/dl) level abnormalities were adopted from the First Brazilian Guideline in Preventing Atherosclerosis in Children and Adolescents (16) . The level of fasting glucose $100 mg/dl was considered abnormal according to American Diabetes Association (17) .
Waist circumference values at or above the 90th percentile for age and sex were considered as criteria for abdominal obesity (18) (19) (20) . MetS was defined as the presence of three or more of the above components, according to NCEP-ATP III (1) . The Brazilian Economics Classification Criteria (21) were adopted to estimate the economic class of the participants' families, according to the monthly family income in US dollars: A (USD . 1847), B (USD 667 to 1847), C (USD 312 to 666), D (USD 164 to 311) and E (USD , 164). Schoolchildren were sorted into two groups: classes A, B and C (high income) and D and E (low income). Race was classified according to skin colour: white, Asian, black or mulatto. Considering that Brazilians are a miscegenation population, we divided the sample into two groups: white and non-white.
Statistical analyses
The database was built by double typing using Excel 2000 version. Statistical analyses were carried out by Epi-Info version 3?2?2 (Centers for Disease Control and Prevention, Atlanta, GA, USA). MetS prevalence was estimated using a maximal error of 1?4 % for boys and 1?2 % for girls. The quantitative variables were expressed as mean (SD) and categorical variables in percentage and ranges of CI. The association between the MetS and BMI groups was tested using a x 2 test; age group, economic classes, sex and race were tested using Fisher's exact test. A P value , 0?05 was considered statistically significant.
Results
Anthropometric characteristics and MetS laboratory results are shown in Table 1 . The prevalence of MetS in schoolchildren of our study was 3?6 % (95 % CI 2?9, 4?5), and marked differences in the occurrence of MetS were seen when subjects were examined by BMI category. When socio-economic status was considered, significantly more high-income class schoolchildren had MetS than low-income class students (4?7 % (95 % CI 3?5, 6?2) v. 2?7 % (95 % CI 1?9, 3?9); P 5 0?023). Among the MetS components, the highest prevalence was low HDL-C (43?2 %), followed by abdominal obesity (11?2 %), hypertension (9?8 %), high blood TAG (6?4 %) and glucose $ 100 mg/dl (0?6 %; see Table 2 ).
In the whole Maracaí sample, 52?9 % presented with one or more MetS criteria, 13?8 % had two or more components and 3?6 % met at least three criteria, and were classified as MetS phenotype; only 0?7 % displayed four or more MetS components. As shown in Table 3 , the most frequent combination of the MetS components was low HDL-C, abdominal obesity and elevated blood pressure, followed by low HDL-C, high serum TAG and elevated blood pressure.
Discussion
As a consequence of compulsory elementary education, the sample investigated in the present study was very representative of the Maracai youth population, covering 95?6 % of 6-year-old children, as well as 83?3 % and 81?9 % of the students from 6 to 9 and 10 to 16 years old, respectively. Despite slightly less participation by adolescents (the latter age group), the percentage examined here was comparable to, if not more than, other studies. For example, in investigations performed in Bogalusa, only 59 % of 17-year-old students participated (22) . In the present study, the overall prevalence of the MetS phenotype in the youth population of Maracai was 3?6 %, which is lower than that described in US adolescents (e.g. Cook et al. (18) (4?2 %, 95 % CI 2?9, 5?4), de Ferranti et al. ?9)). However, when socio-economic class was taken into consideration in our study population, MetS phenotype was twice as prevalent in high (4?7 %) than in low (2?7 %, P 5 0?023) income class students, representing 45 % and 55 % of the whole sample, respectively. We posit that this difference could be a consequence of less exercise and a higher energy diet in the high-income classes, since lower-income students generally walk to school and their school lunches are often their main meal of the day. The socio-economic distinction in MetS prevalence in this Maracai sample differs from the estimated incidence in the Brazilian population as a whole, of which high-and low-income class individuals comprise 65 % and 35 %, respectively (21) . This differential distribution among socio-economic classes of the Maracai schoolchildren may have contributed to the lower (3?6 %) overall MetS prevalence. Thus, we cannot consider Maracai city to be representative of the country. If the same socio-economic classification criteria were adopted for the entire country, we suppose that the MetS incidence in Brazilian schoolchildren would be higher than 3?6 % and probably closer to the 4?7 % rate found in the high-income class. To date, we do not have studies that could be considered representative of the Brazilian population and this is the first to consider socio-economic class.
Importantly, the low HDL-C (, 45 mg/dl) cut-off value defined by the Brazilian Guidelines in Atherosclerosis Prevention for children and adolescents (15) , and used here, is arbitrary because of a lack of literature consensus. For the same reason, cut-off values adopted by others are also not standardised; for example, Moreno et al. (12) considered low HDL-C value less than the 25th percentile, Jessup and Harrel (23) adopted HDL-C # 35 mg/dl, and Cook et al. (18) and Duncan et al. (19) considered HDL-C # 40 mg/dl. Analysing our data according to the parameter of HDL-C , 45 mg/dl, low HDL-C was found in 43?2 % of the whole sample, varying from 39?9 % in the normalweight group to 62?9 % in the obese group. However, MetS prevalence was only 0?3 % in the normal-weight group compared to 34?5 % in the obese group, suggesting that the HDL-C cut-off we used has little or no impact in discriminating MetS phenotype in children and adolescents. A similar but opposite phenomenon occurred with the cut-off for blood glucose ($100 mg/dl), which was detected in only 0?6 % of the participants and did not differ between BMI groups. Perhaps, the glucose cut-off levels for children and adolescents should be less than 99 mg/dl, which is commonly adopted. Consistent with this possibility, Tirosh et al. (24) found that blood glucose levels above 86 mg/dl were an independent risk factor for type 2 diabetes in a prospective study with 13 163 normoglycaemic young men. The prevalence of hypertension in Maracai schoolchildren was surprisingly high relative to adolescents in the USA (compare the present study 9?8 % (95 % CI 8?6, 11?2) to the studies of Cook et al. (18) 4?9 % (95 % CI 3?4, 6?4) and Duncan et al. (19) 8 % (95 % CI 5?3, 10?6)). However, our results are in line with another study conducted in the Brazilian population (e.g. Moura et al. (25) 9?4 % (95 % CI 7?8, 11?02)). Furthermore, we demonstrate that hypertension prevalence is higher in overweight (17?1 %) and obese (39?7 %) children. These data confirm the large impact obesity has on blood pressure and emphasise the necessity to clarify possible reasons for this elevated frequency of hypertension in Brazilian schoolchildren and the factors contributing to obesity.
Our study should be interpreted in light of its limitations. First, despite adopting cut-off points for our analysed parameters from standard panels, our definitions of MetS remain problematic due to imprecision inherent to any extrapolation from the adult to the paediatric population. Next, cholesterol levels, particularly HDL-C levels in males, are affected by puberty, which was not assessed by Tanner stage. Thus the high prevalence (45?1 %) of low HDL-C among adolescents could be overestimated; however, low HDL-C was also found in 39?8 % of prepubertal children. Finally, despite the finding that MetS components vary according to race, the racial plurality and miscegenation in Brazil did not allow us to evaluate the MetS distribution according to this factor. Thus, we chose to denominate skin colour instead of race and divided the participants into white and non-white groups.
In conclusion, the clustered risk factors that characterise MetS were present during childhood, notably in overweight and obese schoolchildren, while being virtually absent in those with normal weights. Practitioners should be aware to detect these factors and to stimulate changes in lifestyle to avoid obesity, future cardiovascular morbidity and type 2 diabetes. In addition, our data also broadened the knowledge of MetS prevalence in developing countries while accounting for socio-economic classes, and provided information to help implement public health programmes and policies to approach the MetS problem.
